Systems-level metabolic modelling of a denitrifying bacterium important for mitigating fixed nitrogen pollution by Yuzhu Lin (7333016) & Ahsan Islam (4116055)
Department of Chemical Engineering 
ACKNOWLEDGEMENTS  
 
Supervisors: 
  
CONTACT INFORMATION 
Department of Chemical Engineering 
Loughborough University  
Leicestershire LE11 3TU  UK 
@lboro.ac.uk   
www.lboro.ac.uk/chemical 
Systems-level metabolic modelling of a denitrifying 
bacterium important for mitigating fixed nitrogen 
pollution 
Yuzhu Lin 
1.Introduction： 
• Anaerobic ammonium oxidation (Anammox) is a novel biological process by which a group of 
strictly anaerobic bacteria convert ammonia together with nitrite into nitrogen gas.  
𝑁𝐻4
+ + 𝑁𝑂2
− → 𝑁2 + 2𝐻2𝑂 
• Due to the slow growth rate of these bacteria, as indicated by the doubling time of 2 to 11, the 
denitrification process can hardly be utilized in an industrial scale for the removal of excess fixed 
nitrogen compounds from the environment.  
•  The Anammox bacterium selected in the project is Candidatus Kuenenia stuttgartiensis (CKS), 
an  Anammox bacterium that was discovered by Strous and his colleagues in 1999. A genome-
scale metabolic model is generated to reveal the metabolic network within the Anammox bacteria. 
3.Methodology: 
Software description: The CKS genome-scale model is developed and curated with KBase 
(https://KBase.us/). KBase is a software and data platform which aims at  meeting the grand 
challenge of system biology. It is regarded the first large-scale bioinformatics system that allows 
users to upload their own data and make an analysis. The biological function of a modelled organism 
can be predicted and designed through KBase, in which reproducible workflows can be generated in 
narratives including imported data, modelling steps, outcomes and data analysis. KBase contains 
hundreds of powerful applications that can meet the needs in different modelling stages. 
 
The process of building a metabolic model is shown in the figure 1. 
 
2.Aims and Objectives： 
• Draft reconstruction: reveal the physiology of the ANAMMOX bacterium. 
• Metabolic network reconstruction: curate, refine and evaluate the metabolic network within the 
bacterium. 
• Metabolic model reconstruction: find the optimum path to enhance the growth rate of 
ANAMMOX bacterium. 
 
4.Results 
Central metabolism: 
The information about the central metabolism of CKS is 
hidden in the genes of bacteria and it is clearly revealed in 
the model. The CKS bacterium generates ATP through ATP 
synthase (figure 2) which can be divided into two parts: F1 
(head) and F0 (proton channel). Protons flow from the out 
side of the cell membrane into the cell through F0, 
promoting ATP synthesis. The energy conversion efficiency 
is one ATP per 4 protons consumed. The hypothetical 
electron transport pathway is shown in figure 3. The central 
metabolism of this bacterium is shown in figure 4. 
 
Figure 1. Protocols of building metabolic model 
Figure 2. Structure of ATP synthase  
Figure 4. Catabolism and reversed electron transport in the anammoxosome 
Figure 4. Central metabolism of Candidatus Kuenenia stuttgartiensis   
The establishment of figure 5 is based on the simulation of the entire model. The 
flux of ammonia is set to be 20 mmol/(g CDW hr). The fluxes of nitrite and 
nitrate are set to be 10, 20, 30 mmol/(g CDW hr) in order to test the ATP 
generation ability. 
Figure 5. The flux of  ATP with nitrite and nitrate as feed respectively  
5.Concolusions and Future Work 
• The central metabolism and the electron transport of the CKS bacterium are revealed based 
on the model. 
• The model shows that the CKS bacterium has a great performance in ATP generation. 
• The model needs to be further curated to perform the biomass production. 
• The limiting nutrients which restricts the growth of the CKS needs to be determined. 
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